Introduction
Over the last decade, the crystallographic relations between parent and product materials have been studied for a number of decomposi- 
a) Mechanisms of dehydration (dehydroxylation)
Basically the loss of ` hydroxyl water-' requires the transfer of a proton to an (OH) ion and the escape of the resulting neutral molecule. The Drocess can be visualized as taking place in various ways.
(i) Near-neighbour (OH) interaction : The direct interaction of two adjacent (OH) ions may produce a water molecule and an 02-ion: ( 
OH)•¬+(OH)•¬•¨ H2O+O2
If this process occurs between (OH) pairs throughout a crystal, H2O molecules must diffuse from the volume of the crystal by appropriate paths which may be interstitial in the first place and then by way of mosaic boundaries, dislocations, or faults generally. According to both these mechanisms, half the oxygens of the (OH) ions will be lost as water molecules and the loss will be distributed throughout the volume of the crystal. Considerable disturbance of the structure can be visualized, the extent of which will be related to the part played by the (OH) ions in the parent structure.
(ii) Proton migration : A somewhat different mechanism can be considered in which protons migrate and react with hydroxyls at favorable sites such as mosaic boundaries and dislocations Proton diffusion through a structure to a reaction site requires a compensat- (Saalfeld, 1958 (Saalfeld, , 1959 (Saalfeld, , 1960 (Bernal et al., 1957 ; Francombe and Rooksby, 1959) In almost all these reactions, the solid products have a high de- It will be convenient to consider first the dehydration reactions of the serpentine minerals which were studied experimentally by Brindley and Zussman (1957) . The reaction can be represented by the following chemical equation which is an idealization of the actual reaction since no account is taken of ionic substitutions in serpentine.
Mg6Si4O10(OH)8 •¨ 3Mg2SiO4+SiO2+4H2O
The resulting forsterite, Mg2SiO4, is highly oriented with respect to the serpentine, with asl /bF, bs//cF, and by implication cs*//aF where the suffixes S and F refer to serpentine and forsterite respectively.
The unit cells of the two structures obey simple parametral rela- being derived from the serpentine, might be expected also to exhibit a particular orientation ; although such evidence has not been obtained in the case of the seprentine reaction, it has been found in other cases (see later).
The mechanism of the reaction can be described in much the same way as in the earlier discussion by Brindley and Zussman except that it is no longer necessary to consider the expulsion of silica from the volume in which the forsterite forms.
In fact, some Si ions must now be considered to diffuse into the common volume. Fig. 4 shows schematically the layer-by-layer distribution of ions in 8Vs and Stemple and Brindley (1960) in the chemical alteration of tremolite, also a chain silicate, to the layer structure of talc which can be represented by the chemical equation:
This can be regarded as a hydration reaction with (Mg+2H) replacing 2Ca. The reaction appears to be primarily one of cation with small, local readjustments of the oxygen and silicon positions.
The dehydration reactions of chlorites were among the first to be studied by Brindley and Ali (1950) using single crystal methods.
The overall behavior of chlorites is similar to that of serpentines. The main product is olivine, which is essentially the same as forsterite with some substitution of Fe for Mg ions, and the orientation relations are also the same as in the serpentine reactions. Brindley and Ali established the orientation relations for the (001) planes of chlorite, but (as in the case of serpentine) a third relation also can be given so that an equivalence can be established between structural volumes of chlorite and of olivine. There is one point of difference between chlorites and serpentines in that the hydroxide layer of the chlorite structure dehydrates prior to the talc (or mica) layer, but this seems not to affect the final state.
b) Dehydration reactions of hydrous calcium silicates
These reactions have been discussed particularly by Taylor and his co-workers (see references given previously) largely from the standpoint of cation migration processes, and it will suffice to describe brielfly one example to illustrate the similarity with the data for hydrous magnesium silicates. 
c) Dehydration reactions of hydrous alminium silicates
The outstanding example to consider is the behaviour of kaolinite, which has been the subject of a great many studies. The crystallographic aspects of the reaction series from kaolinite, through metakaolin and a spinel-type phase, to mullite and cristobalite have been studied in detail by Brindley and Nakahira (1959) . In the present context, however, it is necessary to consider mainly the first stage of this series which is generally considered to be the formation of a , kaolin anhydride by loss of water, according to the equation: These relations are very similar to those illustrated in Fig. 1 , and point to a system of oxygen planes being retained from kaolinite, through metakaolin, to the spinel structure. However, no direct evidence for a c parameter for metakaolin was obtained and the layer appear to have much disorder in this direction. Brindley and Nakahira (1959) estimated an average layer separation on the basis of density considerations, but Freund (1960) has questioned this approach and has taken the view that the layers in the metaphase retain a more or less expanded state which collapses with the formation of the spinel-type structure.
It is of interest to consider possible mechanisms of dehydration of kaolinite. The idea of proton migration seems less acceptable than in the examples previously considered. On the one hand, the cation charge balance would require one All3+ ion for a loss of three protons.
If the initial kaolinite formula is written A12Si2O5(OH)4, the anhydride on this basis would become Al31Si2O9 and would require a layer structure with the same a and b parameters as kaolinite with one layer •containig Si ions (as in kaolinite) and two layers containing Al ions:
there is no evidence for such a structure.
On the other hand, if dehydration takes place by (OH)-(OH) interaction with the formation of water molecules throughout the structure, their escape may be the cause of the lack of order between the layers of metakaolin.
The fact that the degree of order after dehydration of kaolinite is much less than that found after dehydration of Mg-and Ca-hydroussilicates suggests a much greater disturbance of the layer structure.
It may also be remarked that whereas dehydration and decomposition are closely associated processes in the Mg layer silicates, the two processes are well separated in the case of Al layer silicates (see subsequent discussion).
The behaviour of pyrophyllite, the aluminium analog of talc, has been studied by Nakahira and Kato (1961) , and (as in the case of kaolinite) dehydration takes place at a somewhat lower temperature than the subsequent decomposition in which mullite and cristobalite are formed. The hydroxyl content of pyrophyllite is relatively small and the mineral structure is changed only slightly by dehydration.
Such changes as occur are probably confined to the octahedral part of the layer structure and may take the form suggested by Bradley and Grim (1951) . As Bradley and Grim (1951) showed, the mullite forms with a marked preferential orientation and this has been confirmed in more detail by Nakahira and Kato (1961) , who show that the silica (cristobalite) also is oriented with the (111) Sundius and Bystrom, 1953; Brindley and Maroney, 1960 (Brindley and Youell, 1953) , a hydrous ferrous silicate, with structure similar to that of the serpentine minerals, and composition approxi- The thermal behaviour of Fe hydrous silicates . appears to be influenced by the oxidation reaction of ferrous to ferric ions. In section la, two mechanisms of dehydration were considered ;
(i) a process of interaction of adjacent pairs of OH ions, either statistically on a volume basis or locally in a progressing reaction front ;
(ii) a process of cation migration.
In the hydrations of Mg and Ca hydrous silicates, the relations between parent and product structures are such that a volume equivalency exists between them and in this equivalent volume the number of oxygen ions remains constant but the cation population changes. These results point to a cation migration mechanism.
The evidence of Nakahira and Kato that the cristobalite formed in the dehydration of talc is oriented preferentially fits very well into this picture.
The Al hydrous silicates yield an anhydride phase clearly distinct from the subsequent decomposition reactions. In these dehydration reactions there is no evidence pointing to cation migration as the basic mechanism, and indeed, the evidence points the other way. In the case of kaolinite, the very disturbed layer structure of metakaolin could be the result of the interaction of (OH) pairs yielding water molecules throughout the structure. In muscovite and pyrophyllite, the initial structure are held in position (so to speak) by the unreacted 
